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Abstract

We conducted a bat species inventory of the Multiple Species Conservation Program
(MSCP) area in San Diego County, California. The study began in the early summer of
2002 and terminated in the winter of 2003. We used a variety of bat survey techniques
including ultrasonic bat detectors, mist-nets, hand-nets, unaided ears (audible), and
spotlights to document both foraging and roosting bats within and immediately adjacent
to the Multi-Habitat Preserve area. We conducted a total of 80 surveys at 27 foraging bat
sites and 28 surveys of 18 potential bat roosting sites. We detected 16 bat species
including five species of local concern at various sites within the study area during both
foraging and roosting bat surveys. Other information provided by this study includes
demographics, reproductive states, and injuries of captured bats, seasonal activity and
richness patterns of bats in the study area, watershed associations of bats in the study
area, and detection success of the various bat survey techniques used. We present
specific recommendations for bat management and long-term monitoring strategies.



Introduction

Bats are a diverse group of mammals representing approximately one-third of the
mammals found in San Diego County. Twenty-three species have been documented in
the county (Krutzsch 1948, Bond 1977, Constantine 1998). Bats make use of a wide
variety of habitats and typically have large home ranges. Twenty-one of the 23 bat
species known to occur in the county are insectivorous. The other two bat species are
nectivorous. As a group, they are good indicators of ecosystem health at a landscape
level through their diverse life history needs (Ball 2002). Though they are diverse and
widespread, bats have always been difficult to study because of their life history and
ecology. Some historical information regarding bats exists for the study area from bat
research done by Phillip Henry Krutzsch in the 1930’s and 40’s (Krutzsch 1948). This
thesis provides information obtained by Krutzsch, as well as other naturalists working in
the county before him. However, recent information about bats for the area is lacking.
As a result, local land and resource managers have had very little information available
from which to make management decisions regarding bats. Recent advances in
technology such as ultrasonic bat detectors have allowed biologists to more efficiently
and thoroughly survey for bats (Kunz et al. 1996b, Pierson 1998). Elucidation of basic
information about bats is valuable to land and resource managers so they can consider
bats in management activities and gain insight into the overall health of the ecosystem
they manage (Ball 2002).

In the past several decades, there have been extensive changes to the coastal plain, inland
valley, and foothill areas of San Diego County due to rapid population growth and
associated urban expansion. In response, a network of lands for preservation of native
species is currently being planned and executed throughout the county as part of a joint
Habitat Conservation Plan (HCP)/Natural Community Conservation Planning program
(NCCP). As part of this program, it is important to establish baseline information about
the various plants and animals found within the conservation planning area. This is
particularly important for taxonomic groups such as bats that are generally prevalent in
the planning area, yet basic information about them is lacking.

We were contracted by the County of San Diego via a local assistance grant from the
California Department of Fish and Game to conduct a bat species inventory study of the
Multiple Species Conservation Program (MSCP) area preserve land in San Diego
County. The data collection effort began in May 2002 and terminated in December 2003.
The goals of the study were to: 1) gather baseline data on the presence, distribution, and
activity levels of bat species in MSCP/NCCP preserve areas, 2) record all relevant
information in a Geographic Information System (GIS) database, 3) identify significant
roosts and foraging habitats that are in need of immediate protection, 4) recommend long-
term monitoring sites based on data collected during this project, 5) provide preliminary
evaluation of the functionality of the MSCP preserve system for bat species based on data
gathered on species distribution and richness, and, 6) aid in the development of
management plans for areas used by certain sensitive species deemed dependent on
habitats in the preserve by providing data and making management recommendations.
There are five state or federally sensitive bat species considered to be declining or of



concern within the southcoast ecoregion which includes parts of San Diego County
(Miner and Stokes 2005). The five bat species of local concern are 1) the California leaf-
nosed bat (Macrotus californicus), 2) the western red bat (Lasiurus blossevillii), 3) the
Townsend’s big-eared bat (Corynorhinus townsendii), 4) the pallid bat (Antrozous
pallidus), and 5) the western mastiff bat (Eumops perotis). We attempted to locate these
species within the study area in addition to all other potentially occurring species. We
also investigated important potential roost sites for bats, determined seasonal richness and
activity patterns, and determined the effectiveness of survey techniques for detecting a
variety of bat species.

Study Area

The San Diego County Multiple Species Conservation Program Subarea and City MSCP
Subarea are located in the southwestern portion of San Diego County. The topographic
regions encompassed by the study area are the coastal plains, inland valleys, and western
foothills. Vegetation communities found within the study area include coastal sage scrub,
chaparral, grassland, riparian, and oak woodland. There are several watersheds found
within the study area including the San Dieguito River, Penasquitos Creek, San Diego
River, Sweetwater River, Otay River, and Tijuana River. There is an extensive amount
of exposed rock, various man-made structures, and a number of abandoned mines found
in the study area. We targeted primarily reaches and tributaries of the five watersheds
mentioned above to survey for foraging bats. Various man-made structures and other
potential roost sites were surveyed for roosting bats. Our survey sites are represented in
Table 1 and Figure 1.

Methods

Multiple bat survey techniques are needed to thoroughly document a diversity of bat
species during an inventory study (Pierson 1993). For this study, we used acoustic,
visual, hand-net, and mist-net capture techniques to observe and detect bats. These
techniques were used in concert during two types of surveys: 1) foraging bat surveys and
2) roosting bat surveys. Survey locations are listed in Tables 1 and 2 and mapped in
Figure 1.

Foraging Bat Surveys

When surveying for foraging bats, we utilized an Anabat II ultrasonic bat detector (Titley
Electronics, New South Wales, Australia) to detect and record bat echolocation signals.
The Anabat bat detector is a directional ultrasonic microphone that, when connected to a
laptop computer, allows for real-time monitoring and recording of bat vocalizations. Bat
vocalizations can be identified to the species level during real-time monitoring. Bat
vocalizations can also be reviewed in the laboratory after field data collection and species
identifications can be confirmed or made at that time. Although it is directional, the
Anabat has a cone of reception that varies in size and sensitivity based on several factors
including the specifications of each individual Anabat and the environmental conditions
during use in the field (O’Farrell et al. 1999). The effective range of the Anabat also



varies depending on the frequency and intensity of different bat species echolocation
vocalizations, or ‘calls’. Species that produce low intensity calls are detectable at a
shorter distance than species that produce high intensity calls using the standard Anabat
microphone, division ratio (16) and sensitivity setting (7-8).

At foraging bat survey sites the Anabat was placed on a small table approximately 0.5
meters tall and was propped up at a 45-degree angle to maximize sound reception. We
oriented the Anabat such that it was facing towards the area where bats were expected to
be foraging so that the probability of detecting and recording bat vocalizations was
maximized. We used the standard Anabat microphone. The division ratio used was ‘16’,
and the sensitivity level was typically set at ‘8’ (maximum setting is ‘10”), except in
habitat settings where background noise interfered with sound reception. In these
instances the sensitivity setting was reduced to ‘7.5° or “7°. We used the Anabat at
foraging sites for a period of three hours beginning approximately at sunset. We then
analyzed and identified bat vocalizations to the species level. For each survey site, a bat
species list was created from analysis of the recorded bat vocalizations. Not every bat
vocalization was identified to the species level; only the best representative vocalizations
were used. Also, general bat activity was measured and quantified as the number of files
recorded with the Anabat during the three-hour monitoring period. Anabat files typically
contain only a single bat vocalization sequence, but occasionally there were multiple
vocalization sequences within a single file. The total Anabat recording effort for this
study was 240 hours (3 hours x 80 survey nights). Identification of bat calls using the
Anabat bat detector was a subjective process that required experience and access to a
reference library of ‘known’ bat calls for comparative purposes. This reference library
was developed during various USGS bat research projects beginning in 2002.

We also listened (using the unaided ear) for audible bat echolocation and social
vocalizations, which were identifiable to the species level in most cases. This technique
was used primarily to detect echolocation calls of western mastiff bats and secondarily to
detect echolocation calls of big free-tailed bats (Nyctinomops macrotis) and social calls of
pallid bats. There was no quantification of these audible bat passes. If we heard an
audible bat species, it was documented as present at the survey site. We often used visual
techniques (i.e. a spotlight, unaided eyes) simultaneously with acoustic techniques to
observe foraging bats, which typically aided in species identification.

We used mist-nets simultaneously with acoustic techniques during foraging bat surveys.
Mist-nets are made of fine nylon mesh and are used to capture bats in flight. We usually
placed mist-nets in areas where they are likely to intercept flying bats, such as over
relatively small bodies of water and in vegetation flyways (Kunz et al. 1996a). We used
from one to six mist-nets of various dimensions at foraging sites to capture bats. The
dimensions of the mist-nets we used were 2.6 meters tall by 2.6 meters, 6 meters, 9
meters, 12 meters, and 18 meters long. We usually placed the mist-nets within 100
meters of the Anabat set-up location. We used mist-nets for a period of three hours
beginning approximately at sunset. The total mist-netting effort for this study was 840
mist-net hours (three mist-net hours x 280 mist-nets used) and the average mist-net effort
was 10.5 mist-net hours per survey night (840 mist-net hours/80 foraging bat survey
nights). Captured bats were processed and then released immediately. The information
recorded during processing included the species, age (adult or juvenile), tooth wear (rated



1-4 as rough estimate of age based on wear on the least worn upper canine: 1 = needle
sharp, 2 = showing some wear, 3 = worn such that length of tooth approximates width,
and 4 = tooth completely worn to base or missing completely), sex, reproductive status,
parasite load, general measurements, and anything else noteworthy. In most cases, we
used a digital camera to document captured bats. We also recorded the vocalizations of
captured bats with the Anabat bat detector as we released them. The recorded
vocalizations were then placed into a reference library of ‘known’ bat vocalization call
sequences.

General Surveys

We conducted general foraging bat surveys with the intent to document as many species
as possible in one survey night. We surveyed twenty-seven sites in this manner (Table
1). Most of these sites were surveyed on single visits, though a few were visited more
than once. We selected general foraging bat survey sites based on the presence of a
mosaic of habitat features that foraging bats are associated with in the southern
Californian landscape (D. Stokes pers. obs.). These habitat features include open surface
water (creeks, rivers, ponds, cattle troughs), woodland (willows, cottonwoods,
sycamores, oaks), scrub vegetation (chaparral, coastal sage scrub, riparian scrub), and
grassland. We often targeted riparian systems. Due to the amount of equipment used to
conduct foraging bat surveys, access was limited to survey sites located within
approximately one kilometer of roads accessible by a vehicle.

We targeted nine of the 27 general foraging bat sites with the intent to document a single
species, the pallid bat, in addition to any other detectable bat species. The pallid bat was
expected to occur at these sites based on historical records (Krutzsch 1948) or because of
the presence of upland habitats (oak woodland/grassland) where pallid bats are expected
to occur (Western Bat Working Group 2004). We have had success capturing pallid bats
in these habitat settings during other USGS bat research studies (Fisher and Crooks 2002,
Stokes and Fisher 2004). The sites we surveyed with the intent to document pallid bats
based on their historical occurrence or the presence of appropriate habitats were: 1)
Boden Canyon Ecological Reserve (North of Pond), 2) Boden Canyon Ecological
Reserve (South of Pond), 3) Dos Picos County Park, 4) El Monte County Park, 5) Flinn
Springs County Park, 6) Los Penasquitos Canyon Preserve (Oak Woodland Clearing), 7)
San Pasqual Valley, 8) Sycamore Canyon/Gooden Ranch Open Space Preserves, and 9)
Sycuan Peak Ecological Reserve (Lawson Creek) (Table 1).

Multi-Visit Survey Sites

We surveyed five of the 27 foraging bat sites multiple times at regular intervals across
seasons during 2002 and 2003 (Table 1). The five sites were 1) Cottonwood Creek,
Marron Valley (Spring), 2) Hollenbeck Canyon Wildlife Area, 3) Los Penasquitos
Canyon Preserve (Lower Creek), 4) Mission Trails Regional Park, San Diego River, and
5) San Diego National Wildlife Refuge, Sweetwater River (URDS). We added three
additional multiple survey sites in 2003: 1) Boden Canyon Ecological Reserve (South of
Pond), 2) Fairbanks Ranch, and 3) Sweetwater County Park (Morrison Pond). The goals
of the repeat surveys were to observe how bat richness and activity levels might change
over seasons and to document rare species that might be missed during a single survey
visit.




In total, we conducted foraging bat surveys on 80 nights at 27 foraging bat sites.

Roost Surveys

Some bat species are more easily detected at roost sites than foraging sites (i.e., American
leaf-nosed bats belonging to family Phyllostomatidae, D. Stokes, pers. obs.), so this
technique was used to supplement foraging bat surveys. Locating, characterizing, and
monitoring roosts are all important to efforts to conserve and manage for bats in a given
landscape (Pierson 1998, Ball 2002). Roost surveys must be conducted cautiously as
many bat species are very sensitive to disturbance at roost sites (Kunz et al. 1996b).
Habitats targeted for roost surveys included rocky cliffs and outcrops, natural caves,
buildings, bridges, and artificial tunnels. There are a number of abandoned mines in the
study area. They are located around Otay Mountain, McGinty Mountain, and along the
San Diego River near El Monte Open Space Preserve. These mines were not surveyed
due to: 1) United States Geological Survey (USGS) prohibitions on subterranean survey
work (internal mine surveys) without proper training, certification, and equipment, and 2)
the scope of work associated with external surveys of these mines (see management
recommendations — further research). The types of roost surveys we conducted included:
1) diurnal internal inspections of day roosts, 2) nocturnal internal inspections of night
roosts, and 3) external surveys of inaccessible roosts where we observed bats as they
exited or entered day or night roosts. Techniques used to survey for roosting bats
included: 1) visual observations of roosting bats during internal and external roost
surveys, 2) visual observations of guano and/or culled insect parts deposited by bats at
roosts during internal surveys (required familiarity and experience with species-specific
bat guano), 3) unaided ears to listen for audible species during external surveys, 4) use of
the Anabat to record bat vocalizations during external surveys, 5) use of mist-nets to
capture bats during external surveys, and 6) use of hand-nets to capture bats at during
internal surveys.

We conducted single roost survey visits at 18 potential roost sites. Of these, we visited
four potential roost sites on multiple occasions. In total, we conducted 28 roost surveys
using the various roost survey techniques at 18 suspected roosting sites within the study
area (Table 2). Occasionally, we visited multiple roost sites during the day on the same
date and some night roost visits were made following a foraging bat survey. In addition,
we sometimes detected foraging bats in the survey area during roost surveys. These bats
were reported as present on site but not reported as roosting on site.

We conducted one roost survey in Coronado (within the MSCP area but with its own sub-
area plan) using USGS matching funds (site 28 — Coronado Cays). This survey was
conducted in order to document one particular species, the Mexican long-tongued bat
(Choeronycteris mexicana). This nectar-feeding species has been known to occur in
western parts of the county dating back to the 1940’s (Krutzsch 1948) but has not yet
been detected on public lands (D. Stokes unpub. data).



Results and Discussion

Summary

We were able to detect 16 bat species within the study area (Table 3). All five of the
targeted species of local concern were detected within the study area. The five species of
local concern were: 1) the California leaf-nosed bat, 2) the western red bat, 3) the
Townsend’s big-eared bat, 4) the pallid bat, and 5) the western mastiff bat. Accounts of
these species are found in the Conclusions and Management Recommendations section
(‘Accounts of Species of Local Concern’). A summary table of all bat species detections
by site, date, and method can be found in Appendix I.

The bat species detected at the greatest number of sites during this study was the Yuma
myotis (Myotis yumanensis), which was detected at 68% of our survey sites (Figure 2,
Table 4). There were several other species detected at greater than half of the survey
sites. The pocketed free-tailed bat (Nyctinomops femorosaccus) was detected at 61% of
sites, the Mexican free-tailed bat (Tadarida brasiliensis) at 59% of sites, the big brown
bat (Eptesicus fuscus) at 57% of sites, the western mastiff bat at 55% of sites, and the
western pipistrelle (Pipistrellus hesperus) at 52% of sites. The rest of the bat species
were detected at less than half of the survey sites. The western small-footed myotis
(Myotis ciliolabrum) was detected at 39% of sites, the California myotis (Myotis
californicus) and western red bat at 25% of sites, the hoary bat (Lasiurus cinereus) at
16% of sites, the long-eared myotis (Myotis evotis) and Townsend’s big-eared bat at 9%
of sites, the pallid bat and big free-tailed bat at 7% of sites, and the California leaf-nosed
bat and Mexican long-tongued bat at 2% of sites. These results are pooled from a
combination of the various survey techniques used during both foraging and roosting bat
surveys. These results are influenced by various factors including: 1) the actual
distributions of the bat species, 2) the detectability of the bat species using the various
survey techniques during the two types of surveys, and 3) the seasonal occurrence of the
bat species within the study area.

The results of bat surveys are presented in the following sections: 1) Foraging Bat
Surveys, 2) Roosting Bat Surveys, 3) Demographics, Reproduction, and Injuries of
captured bats, 4) Seasonal Bat Richness and Activity Patterns, 5) Watershed
Associations, and 6) Detection Success of Survey Techniques.

Foraging Bat Surveys

Foraging bat surveys resulted in the detection of 14 of the 16 bat species during this study
(Table 5). The two bat species not detected during foraging bat surveys were the
California leaf-nosed bat and the Mexican long-tongued bat. An average of 5.4 bat
species were detected per survey night using the combined foraging bat survey
techniques. Foraging bat survey data are found in Appendix II.



Anabat

In 240 Anabat hours, 8,697 files were recorded that contained at least one bat
vocalization sequence. The average number of Anabat files recorded per night was 108.7
(8697 files/80 survey nights) and the average number of Anabat files recorded per hour
was 36.2. Fourteen of the 16 bat species were detected using the Anabat at foraging sites
(Table 6). The two bat species not detected with the Anabat were the California leaf-
nosed bat and Mexican long-tongued bat. The average number of bat species detected
per survey night was 4.8. The three species most frequently detected with the Anabat
were the big brown bat, Yuma myotis, and pocketed free-tailed bat. Representative
sonograms of all bat species recorded in this study can be viewed in Appendix III. The
sonograms shown are screenshots taken from the bat vocalization analysis program
Analook 4.8p (Titley Electronics, New South Wales, Australia).

Maximum bat activity, was measured by the Anabat (number of files per 3-hour survey
night) and was highest (>250 files per 3 hour night) during single night recording events
at several sites: 1) Boden Canyon Ecological Reserve (north of pond), 2) Cottonwood
Creek spring in Marron Valley, 3) San Diego River in Mission Trails Regional Park, 4)
Padre Dam in Mission Trails Regional Park, and 5) Morrison Pond in the Sweetwater
County Park (Appendix II). Caution is needed when drawing any conclusions about bat
activity levels due to all of the different factors that influence the sensitivity of the
Anabat and its ability to record bat calls, as well as the potential for naturally high night
to night variation in bat activity (Corben and O’Farrell 1999). In addition, bat abundance
is not necessarily correlated with bat activity levels. In general, bat abundance is very
difficult to estimate and was not measured during this study (Kunz et al. 1996b).

We speculate that one factor influencing high bat activity levels at foraging bat sites may
be the presence of open surface water. The highest bat activity levels were measured at
the Morrison Pond (Sweetwater County Park) site. Six hundred thirty six and 518 files
were recorded on visits to this site during the late summer and early fall of 2003. On
both of these visits there appeared to be an unusually high abundance of midges (family
Chironomidae), an aquatic emergent insect known to emerge in large numbers at slow
moving open water sites such as lagoons, wastewater facilities, and lakes (Hogue 1993).
Most of the recorded bat files on these dates were attributed to a single bat species, the
Yuma myotis. Remington (2000) found that bat activity measured by the Anabat was
unusually high at ponds in urban park settings in Orange County, California, with most of
the recorded files being attributed to the Yuma myotis. This suggests that foraging Yuma
myotis are prevalent at open water sites in relatively developed areas of southern
California and may be particularly active foragers during aquatic insect emergent events.
Because this species often occurs in the vicinity of open water and is fairly urban
adapted, the Yuma myotis may play an important in controlling aquatic-emergent insect-
born diseases such as West Nile Virus in and around human inhabited areas.

Audible

The use of the unaided ear as an audible survey technique was used at all foraging sites in
conjunction with mist-netting and the Anabat. Three bat species, the western mastiff bat,



big free-tailed bat, and pallid bat were detectable with the unaided ear (Table 7). We
heard western mastiff bats at 17 foraging bat sites. We recorded western mastiff bats
with the Anabat at 10 sites. This suggests that the Anabat, when used with standard
microphone, division ratio of 16, and sensitivity of ‘8’ is less effective than the unaided
ear (assuming normal hearing) at detecting western mastiff bat echolocation calls.
Remington (2003) made 84 western mastiff bat audible observations during research in
Orange County, California, but only five Anabat recordings.

We heard big free-tailed bat echolocation calls at three foraging bat sites. This species
was also recorded with the Anabat simultaneous with these audible detections. The big
free-tailed bat appears to be less detectable with unaided ears than the western mastiff
bat, probably because of producing an echolocation call that is higher pitched and of
lower perceived intensity. Based on only three detection sites, the standard Anabat set-up
and unaided ear appear to be equally effective at detecting big free-tailed bats.

Finally, we heard social calls of pallid bats during one visit each to two foraging bat sites.
However, at these two sites the pallid bat was also either captured in mist-nets and/or
recorded using the Anabat on four additional dates. This suggests that use of the unaided
ear has some value but may be less effective at detecting pallid bats compared to mist-
netting and use of the Anabat.

Visual

Visual techniques (use of unaided eyes and a spotlight) were used at all foraging sites in
conjunction with mist-netting, the Anabat, and audible techniques to document foraging
bats. We used visual techniques to observe bats as they were detected acoustically.
Occasionally, we observed bats recognizable in flight (i.e., western red bats, hoary bats,
big brown bats) simultaneous with recordings of their vocalizations using the Anabat.
When this occurred, the recorded bat vocalizations were copied into a reference library of
‘known’ bat vocalization sequences.

Mist-netting

At foraging sites, we captured 143 bats representing 10 species (Table 8) in mist-nets.
Representative digital images of the 10 bat species captured in mist-nets in this study can
be viewed in Figures 3-14. The average capture rate per night was 0.2 bats/mist-net hour
(143 bats/840 mist-net hours). While this rate appears low compared to local mist-netting
efforts for birds, an average of 0.6 birds/mist-net hour (B. Kus pers. comm.), it is greater
than the capture success rate of another recent southern Californian bat study in Orange
County, California, which averaged only 0.02 bats/mist-net hour (Remington 2003). As
no bats were marked, recapture rates were not known. We did not attempt to estimate bat
abundance based on mist-net captures. An average of (.76 bat species were detected per
night based only on mist-net captures. The three species captured in mist-nets in the
highest numbers were the Yuma myotis, big brown bat, and California myotis.



Species-Rich Foraging Sites

Detected bat species richness was greatest (13 species) at the foraging bat site on
Cottonwood Creek in Marron Valley, Dulzura (Table 5), followed by Hollenbeck Canyon
Wildlife Area (12 species), the URDS site on the Sweetwater River in the San Diego
National Wildlife Refuge (11 species), the Boden Canyon Ecological Reserve (10
species), and the San Diego River in Mission Trails Regional Park (nine species).

The richest sites are characterized by the presence of a mosaic of habitat types including
perennial surface water, one or more woodland types (oaks and/or riparian trees), and
native scrub vegetation and grassland. All of these sites are found within fairly large,
relatively undisturbed tracts of contiguous land. Mission Trails Regional Park has the
greatest amount of developed land surrounding it. In southern California, the habitat
types supportive of a diverse foraging bat community appear to be: 1) open surface fresh
water and 2) woodland/scrub or grassland edge interface (D. Stokes, pers. obs).
However, an important variable potentially influencing the number of bat species
detected at any given foraging site is the juxtaposition of the site relative to appropriate
roosting habitat(s). Although we did not measure this variable during this study, the sites
listed above are within known commute distances of appropriate roosting habitats of most
locally occurring bat species (Miner and Brown 1996, Pierson 1998, Fellers and Pierson
2002).

We surveyed these five foraging bat sites on multiple occasions across seasons over the
duration of this study. The increased survey effort is likely a very important factor
contributing to the high detected bat species richness at these sites. However, the Los
Penasquitos Canyon Preserve (lower creek) site was also surveyed on multiple occasions
and cumulatively only seven species were detected there. This preserve, like Mission
Trails Regional Park, is surrounded by development. This preserve, however, unlike
Mission Trails Regional Park, is lacking in extensive exposed rocky outcrops, cliffs, and
caves suitable for roosting bats and is located quite some distance from these habitats.
The lack of these important roosting habitats may limit the number of bat species
occurring at this location. However, it is possible that a more diverse bat community
may occur here with individuals arriving on site later into the night (beyond our 3 hour
monitoring period), after commuting from inland roost sites.

Mist-netting vs. Acoustic Techniques at Foraging Sites

The use of mist-netting and acoustic techniques combined at foraging bat sites resulted in
an average detection rate of 5.4 bat species per survey night (three hours of monitoring
per night). Mist-netting alone resulted in the detection of 10 bat species at a rate of 0.8
species per night while use of the Anabat resulted in the detection of 14 bat species at a
rate of 4.8 bat species per night. The use of unaided ears to document audible bat species
resulted in the detection of three species at a rate of 0.7 species per survey night. Clearly,
the Anabat was the most effective survey tool for detecting multiple bat species during
this study. The superior effectiveness of the Anabat at detecting multiple bat species at
foraging sites compared to mist-netting has been reported in other studies (O’Farrell and
Gannon 1999, Remington 2000, 2003, Stokes and Fisher 2004).
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Roosting Bat Surveys

We selected potential bat roosts and roosting areas to be surveyed based on the presence
of appropriate bat roosting habitats that could support colonial bats, including rocky
outcrops and cliffs, natural caves, and man-made structures such as artificial bat houses,
bridges and abandoned or infrequently used buildings. Roosting areas differed from
roosts in that a specific roost was not located, but rather a general roosting area was
identified. This usually pertained to inaccessible cliff roosts. We did not survey potential
tree roosts. Roost surveys conducted using the various roost survey techniques resulted
in the detection of 13 bat species at 15 roost sites or areas (Table 9).

Bat Roosts Surveyed During this Study

We surveyed several bat roosts and roosting areas during this study (Table 2 and 9,
Figure 1). Descriptions, techniques used to document bats, number of bat species, and
significance of these roosts are described.

External Only Roost Surveys:

1) San Diego National Wildlife Refuge, Sweetwater River (Boulders), US Fish
and Wildlife Service (site 43):

We surveyed a granite boulder-covered hillside located on the south side of the
Sweetwater River in the San Diego National Wildlife Refuge in October 2002.
We used a single Anabat set facing towards the boulders and listened for audible
bats. We recorded six bat species with the Anabat early in the evening indicating
they were roosting somewhere among the boulders or near this boulder-covered
hillside. The six species detected were the Yuma myotis, western pipistrelle,
Mexican free-tailed bat, California myotis, pocketed free-tailed bat, and our most
significant observation, a Townsend’s big-eared bat.

2) Singing Hills Memorial Estates (Boulders), The Environmental Trust, (site 44):
We surveyed a granite boulder-covered hillside located on the north side of the
Sweetwater River near Singing Hills Memorial Estates in August 2002. We used
a single Anabat set facing the boulders and listened for audible bats. We recorded
five bat species early in the evening indicating they were roosting somewhere
among the boulders or near this boulder-covered hillside. The five species
detected were the western pipistrelle, small-footed myotis, Mexican free-tailed
bat, pocketed free-tailed bat, and big brown bat. We also heard a sixth species,
the western mastiff bat, in the area later in the evening and coming from the east.

3) Jamul Mountains, Bureau of Land Management/US Forest Service/Private,
(site 36):

We surveyed a granite boulder-covered hillside located in the Jamul Mountains
near Lyons Peak in June 2002. We used an Anabat set facing the boulders and
listened for audible bats. We recorded five bat species early in the evening,
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indicating they were roosting somewhere among the boulders or near this
boulder-covered hillside. The five species detected were the Yuma myotis,
western pipistrelle, small-footed myotis, Mexican free-tailed bat, and pocketed
free-tailed bat. We also heard a sixth species, the western mastiff bat, in the area
later in the evening and coming from the east.

4) Jamul Creek Cliffs, California Department of Fish and Game, (site 35):

We surveyed a large granite outcrop/cliff face located along Jamul Creek in
Hollenbeck Canyon Wildlife Area in July 2003. We used an Anabat set facing
the outcrop/cliff and listened for audible bats. We determined only one species,
the western pipistrelle, was roosting in this particular outcrop/cliff face during the
survey.

Diurnal Roost Surveys:

1)

2)

3)

Cottonwood Creek tunnel, City of San Diego, (site 29):

We internally surveyed an artificial tunnel located near Cottonwood Creek during
the day using flashlights on four visits in 2002 and 2003. We observed four bat
species roosting in various sections of this extensive tunnel system. We found a
colony of approximately 500-1000 Yuma myotis on more than one occasion
during this study and on previous visits to this site (D. Stokes unpub. data). We
saw approximately 100 Townsend’s big-eared bats roosting in two different
sections of this tunnel with approximately half of the individuals found in one
section and the other half in another section. We also found a few scattered
individuals of this species in various other tunnel sections. We located a small
group of five or six California leaf-nosed bats in one section on two separate
visits. We captured one individual with a hand-net for species verification in
September 2002 (Figure 2) Finally, we found a few scattered individual small-
footed myotis in various sections of this tunnel system.

Otay Mountain Bunkers, Bureau of Land Management, (site 37):

We internally surveyed two historic military observation bunkers located on the
west side of Otay Mountain during the day using flashlights in August 2003. We
observed and hand-netted a single juvenile male Yuma myotis that was hanging
on one of the walls in a room in the lower bunker. We also observed an extensive
amount of bat guano in various parts of these structures, particularly in the lower
bunker. All of the guano appeared to be deposited by a single species, the Yuma
myotis. The amount of guano found in this particular bunker, combined with
finding only one day roosting bat suggests this structure is used primarily as a
night roost by the Yuma myotis. There is a known day roost site occupied by a
Yuma myotis colony in Otay Lakes Dam located a few kilometers from this site.
We suspect individuals of the Yuma myotis colony found day roosting in the Otay
Lakes Dam use these bunkers as night roosts and occasionally as day roosts.

Otay Mountain, O’Neal Canyon, The Environmental Trust and Bureau of Land
Management, (site 38):

We located a natural rock crevice located in O’Neal Canyon that appeared to be a
suitable bat roost. We internally surveyed it during the day using flashlights in
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4)

5)

July 2002. We observed and hand-netted a single juvenile male Yuma myotis that
was roosting in this crevice.

Rancho Jamul Ecological Reserve (Maintenance Shed), California Department of
Fish and Game, (site 42):

We internally surveyed a maintenance shed located near Jamul Creek on the
Rancho Jamul Ecological Reserve during the day using flashlights in September
2003. We observed a small to medium sized group of big brown bats roosting
between the aluminum walls and wooded beams up in one of the corners of this
building. We followed this survey with an external survey on the same date at
dusk using the Anabat and visual techniques and observed 23 big brown bats and
a single Mexican free-tailed bat as they exited this structure. We captured
reproductive female big brown bats in mist-nets at a cattle pond (‘Kiln Pond’) less
than one km from this maintenance shed and had also made numerous visual and
acoustic observations of this species during previous USGS multi-taxa research at
RJER (Hathaway et al. 2002). This roost site may be used regularly as a day roost
by a colony of breeding female big brown bats (maternity colony), which also use
various foraging and drinking habitats on the reserve.

Coronado Cays, Private, (site 28):

We internally surveyed the front porch alcove of a town home located in the
Coronado Cays area during the day in October 2002 after receiving notification
that a bat colony had taken up residence there. We found a group of
approximately 18 Mexican long-tongued bats (Choeronycteris mexicana) roosting
in an exposed area of the porch alcove above the front door of the town home. At
dusk, we used a mist-net to capture a subset of individuals of the colony as they
exited the roost. We captured eight individuals: six males and two females.

The occurrence of this species in San Diego County is interesting. This species
has been observed in San Diego County roosting in very similar situations both
historically and recently, usually during the fall and winter, but only for short time
periods of a few months or less (Krutzsch 1948, S. Tremor pers. comm., D.
Stokes pers. obs.). This migratory, obligate-cave roosting species feeds primarily
on the nectar and pollen of various columnar cacti and agaves but has also been
observed feeding at exotic landscape nectar producing plants and even
hummingbird feeders (D.Stokes pers. obs.). In San Diego County, this species
has only been found roosting individually or in small groups in man-made
structures. It has been found primarily in urban and suburban areas, usually
roosting in cave-like settings such as under porches and house decks, in open
garages, and in maintenance buildings. The areas that they are found in are also
typically characterized by the presence of an abundance of exotic landscape
nectar producing plants; areas such as Mt Helix in La Mesa, Mt Soledad in La
Jolla, and Imperial Beach as examples. They appear to migrate to the area in
search of food source plants, temporarily roost in cave-like man-made structures,
and then leave the area, presumably after the food source plants have ceased to
bloom. It is possible this species has always migrated to San Diego County prior
to human development in search of the native Shaw’s agave (Agave shawi). The
planting of exotic nectar producing plants in the county for landscaping purposes
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6)

7)

has probably created more feeding habitat for nectar feeding species such as the
Mexican long-tongued bat. Climate change may also contribute to an increasing
occurrence of this species locally.

Los Penasquitos Canyon Preserve (Batboxes 1-4), City of San Diego, (sites 33,
34):

We internally surveyed two pairs of artificial bat roosts (brown and white bat
boxes paired together) located in Los Penasquitos Canyon Preserve using
flashlights in May 2002. We observed one California myotis roosting in the
brown bat box located just south of the main hiking trail (bat boxes 3 and 4) and a
small group of approximately 10 California myotis in the brown bat box located
near the main stream course (bat boxes 1 and 2). We did not observe any bats in
the white boxes. We used a mist-net to capture bats as they exited from bat box 1
and caught two non-reproductive bats, a male and a female.

Tijuana River Valley County Park (Bunkers), San Diego County, (site 45):

We internally surveyed a set of historic military observation bunkers located
adjacent to the U.S./Mexico international border fence during the day using
flashlights in August 2003. We did not observe bats, bat guano, staining, or
culled insect parts in any of the bunkers. We suspect these bunkers have had little
or no use by bats. Identical structures occur on the Pt Loma peninsula. We
previously surveyed these structures for roosting bats but found no evidence of
roosting bats (Stokes et al. 2003). These structures may not be suitable as bat
roosts, or are not used because they are in low bat density areas.

Nocturnal Roost Surveys:

1)

2)

3)

Dulzura Creek bridge, Caltrans, (site 41):

We internally surveyed the Hwy 94 bridge over Dulzura Creek located between
Hollenbeck canyon Wildlife Area and Rancho Jamul Ecological Reserve at night
using flashlights on multiple occasions in both 2002 and 2003. Our intention was
to find night roosting bats. We observed six species night roosting under this
bridge over the course of the study, including two species of local concern, the
pallid bat and Townsend’s big-eared bat. We also observed a third species
considered uncommon in the lower elevations of San Diego County, the long-
eared myotis. Additionally, we observed a few individual California and western
small-footed myotis, and a moderate number of Yuma myotis.

Otay Valley Regional Park, Upper Canyon (Caves), San Diego County, (site 39):
We internally surveyed an artificial cave located in the canyon below the Otay
Valley Regional Park at night using flashlights in June 2003. We observed a
group of approximately 50 Yuma myotis night roosting in this cave. We captured
two individuals in a hand-net. They were both pregnant females. We suspect this
cave is one of several night roosts in the Otay Valley/Mountain area used by the
colony of Yuma myotis that uses the Otay Lakes Dam as a day roost.

Otay Valley Regional Park, Structures, San Diego County, (site 40):
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We internally surveyed the restrooms found in the Otay Valley Regional Park
main picnic area a